I. CONCEPTS AND DEFINITIONS
More than half of the elements in the Periodic Table are known to occur in plant tissues, and it seems likely that, with further improvements in procedures for plant chemical analysis, most of the remaining elements will be found there also. However, at present, only 17 are regarded as essential for all higher plants. These include the nine macronutrients, C, H, 0, N, K, Ca, Mg, P, and S, which typically occur in the plant dry matter at concentrations ~ 0.1 010, and the seven micronutrients, CI, Fe, B, Mn, Zn, Cu, and Mo. In addition, Co is essential for symbiotic N fixation in legumes and some other species. The term ultra-micronutrient has been proposed (Nicholas, 1961) for elements such as Mo and Co, which are needed in particularly small quantities.
However, positive effects of many other elements on plant growth have been reported over the years. This prompts researchers to question what constitutes essentiality (and nonessentiality), whether all the essential elements have been discovered, and how elements that appear to have beneficial effects on plant growth, yet have not been shown to conform with our definition of an essential element should be regarded. This chapter is intended to explore these questions and to comment on some of the elements in the latter category.
A. The Concept of Essentiality Arnon and Stout (1939) proposed that for an element to be considered essential, it should satisfy three criteria: (i) it must be present for completion of the plant's life cycle; (ii) its action must be specific, and unable to be replaced by any other element; and (iii) its action must be direct.
Although these criteria initially met with general acceptance, with time it became apparent that they were rather too rigid. For example, the action
